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My invention relates to an optical objective of the
Cooke triplet type in which, as it is conventionally de-
signed, displacement of the diaphragm of the objective
from its conventional position adjacent the middle or
negative component of the objective to a position immedi-
ately behind the rear surface of the objective, introduces
considerable distortion, unbalanced coma, and lateral
color aberration, though it is desirable from the stand-
point of economical quantity manufacture to locate the
diaphragm in the latter position.

Objects of my invention reside in the provision of an
objective of the Cooke triplet type which is corrected
for spherical and chromatic aberrations, coma, astigma-
tism, field curvature and distortion, which permits of the
diaphragm thereof being located immediately behind the
rear surface of the objective, which provides a compact
system, which provides satisfactory definition over a rela-
tively wide angle of field at a relatively large aperture, and
which provides, particularly by reason of the location of
the diaphragm, economy in quantity manufacture.

It is to be understood that the terms “front” and “rear”
as herein used refer to the ends of the objective respec-
tively nearer the longer and shorter conjugates thereof.

In the accompanying drawing forming a part hereof,
the single figure illustrates an objective embodying the in-
vention and referring to the drawing the objéctive com-
prises three air spaced simple components of which the
front and rear components, respectively designated at L1
and L3, are positive, and the middle component, designat-
ed at Lg, is negative, and preferably as shown, both the
positive components are biconvex and the negative com-
ponent is biconcave. Beginning with the front end of
the objective, r1 to rs respectively designate the optical
surfaces of the components, #1 to #3 the axial thicknesses
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of the components, s; and s2 the axial separations of the -

components, and A designates the aperture stop or dia- .

phragm which is located immediately to the rear of the
rear surface rs of the rear component.

A preferred example of the invention has an equiv-
alent focal length of .394” and an effective aperture of
£/2.5, and conforms with the following table in which
dimensions are in terms of inches, and in which the in-
dices of refraction for the D line and the Abbe disper-
sion numbers are respectively designated at na and V:

r1=+4.242
r3==— 670
r3=—.210
r¢=-+.1495
rs=+-.325
re=--.1682

h=.074
81=.0415
t3=.025
£=.0132
t3=.144

n4=1.617 [ V=55

nd=1.649 | V=33.8

n4a=1.651 V=558

Notwithstanding the requirements as to correction im-
posed by the location of the aperture stop or diaphragm
immediately to the rear of the rear surface of the rear
component of the objective, it may be and as herein de-
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scribed is highly corrected for spherical and chromatic
aberration, coma, distortion and field curvature, and it
provides a relatively large glass path, permits of a com-
pact system with the oblique ray bundle constricted with-
in a satisfactory diameter such that the higher order aber-
rations at the surface 73 are cancelled by those of surface
rs, and provides satisfactory definition over a relatively
wide angle of field, 35° in the example hereof, at a rela-
tively large aperture, /2.5 in the example hereof, and con-
tributing to the performance of the objective are the fol-
lowing limitations:

The axial thickness £ of the rear component Ls is from
35 to 40 per cent of the equivalent focal length of the ob-
jective, and the axial separation sz of the middle and rear
components Lz and Ls is from 3 to 6 per cent of the equiv-
alent focal length of the objective, and preferably the
opposing surfaces r4 and 75 of the middle and rear com-
ponents Lz and L; are respectively concave and relatively
strong and convex and relatively weak and are in mar-
ginal contact, so that a spacing ring or its equivalent be-
tween the middle and rear components is eliminated.

The front, middle and rear components Li, La and L3
have equivalent focal lengths respectively in the region
of 75 per cent, 33 per cent and 49 per cent of the equiv-
alent focal length of the objective.

The radius of curvature of the front surface r3 of the
middle component Lz is from 1.2 to 1.3 of the radius of
curvature of the rear surface rs of the rear component
Ls, and the radius of curvature of the rear surface rz of the
front component Li is from 2.9 to 3.2 of the radius of
curvature of the front surface r3 of the middle component
La.

While I have thus described my invention, I do not wish
to be limited to the precise details described, as changes
may be readily made without departing from the spirit
of my invention, but having thus described my invention,
I claim as new and desire to secure by Letters Patent the
following: .

1. An optical objective corrected for spherical and
chromatic aberration, coma, astigmatism, field curvature
and distortion, comprising three air spaced components
of which the front and rear components are positive and
the middle component is negative, and further character-
ized in that the rear component has an axial thickness of
from 35 to 40 per cent of the equivalent focal length of
the objective, that the middle and rear components have
an axial separation of from 3 to 6 per cent of the equiv-
alent focal length of the objective, and that the front,
middle and rear components have equivalent focal lengths
respectively in the region of 75 per cent, 33 per cent and
49 per cent of the equivalent focal length of the objective.

2. An optical objective corrected for spherical and
chromatic aberration, coma, astigmatism, field curvature
and distortion, comprising three air spaced components
of which the front and rear components are biconvex and
the middle component is biconcave, and further charac-
terized in that the rear component has an axial thickness
of from 35 to 40 per cent of the equivalent focal length
of the objective, that the middle and rear components have
an axial separation of from 3 to 6 per cent of the equiv-
alent focal length of the objective, that the front, middie
and rear components have equivalent focal lengths re-
spectively in the region of 75 per cent, 33 per cent and 49
per cent of the equivalent focal length of the objective, that
the radius of curvature of the front surface of the middle
component is from 1.2 to 1.3 of the rear surface of the rear
component, and that the radius of curvature of the rear
surface of the front component is from 2.9 to 3.2 of that
of the front surface of the middle component.

3. An optical objective corrected for spherical and
chromatic aberration, coma, astigmatism, field curvature
and distortion, as defined in claim 2 and further charac-
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terized in that the opposing surfaces of the middle and
rear components are respectively concave and relatively
strong and convex and relatively weak and are in marginal
contact.

4. An optical objective corrected for spherical and
chromatic aberration, coma, astigmatism, field curvature
and distortion, comprising three air spaced simple com-
pornents of which the front and rear components are bicon-
vex and have their outer surfaces stronger than their inner
surfaces and the middle component is biconcave and has
its rear surface stronger than its front surface, and fur-
ther characterized in that the rear component has an axial
thickness of from 35 to 40 per cent of the equivalent
focal length of the objective, that the middle and rear
components have an axial separation of from 3 to 6
per cent of the equivalent focal length of the objective, that
the front, middle and rear components have equivalent
focal lengths respectively in the region of 75 per cent, 33
per cent and 49 per cent of the equivalent focal length of
the objective, that the radius of curvature of the front sur-
face of the middle component is from 1.2 to 1.3 of that of
the rear surface of the rear component, that the radius of
curvature of the rear surface of the front component is
from 2.9 to 3.2 of that of the front surface of the middle
component, and that the front, middle and rear compo-
nents have refractive indices for the D line respectively
in the region of 1.617, 1.649, and 1.651 and have disper-
sive indices respectively in the region of Abbe number
55,33.8 and 55.8.

5. An optical objective corrected for spherical and
chromatic aberration, coma, astigmatism, field curvature
and distortion, comprising three air spaced simple com-
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ponents of which the front and rear components are bi-
convex and the middle component is biconcave, and fur-
ther characterized in that said objective complies sub-
stantially with the following table in which the dimensions
are in terms of inches and beginning with the front end
of the objective L; to Lz designate the components, r; to
rs the radii of curvature of the surfaces, # to f3 the axial
thicknesses, s1 and s2 the axial separations, na the refrac-
tive indices for the D line, and V the Abbe dispersion

numbers:
ri=-+.242
| P T SO Hh=.074 | na=1.617 | V=55
r3=—.670
81=.0415
r3=-—210
| £3=.025 | na=1.649| V=33.8
re=+.1495
$1=.0132
r5=+.325
) 7 T T h=.144 na=1.651 V=558
rs=—.1682
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